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Introduzione/Introductory lecture: The analysf the fluorescence transient:
theory and applicative potentialiti¢®,J. Strasser, University of Geneva (CH)

F. Bussottet al: Responses to ozone Bbpulusclones, assessed with fast
kinetic and modulated fluorescence

M. Piccotto e M. Tretiach: Effetti degli NQui licheni: una questione tion-
Photochemical Quenching

E. Salvatoriet al: Fluorescenza fogliare e stress idrico in speagetali:
meccanismi di risposta e potenzialita applicative

A. Dayyoub et al: A model of the functional relationship between
photosynthesis and ambient chlorophyll fluorescence

R. Colombo e M. Meroni: Misura della fluoresza della clorofilla indotta dal
sole con telerilevamento di prossimita

G. Agati: Chlorophyll fluorescence as inddéxptant flavonoid content: in lab
and in field applications

L. Guidiet al. Effects of boron and salinity stress on chlordpfiyorescence
parameters of tomato leaves

C. Faralonet al: The Chlorophyll Fluorescence Quenching as a twacreen
olive cultivars tolerant to drought stress

V. Baldassarret al: Uso della fluorescenza della clorofiteper la valutazione
della qualita negli ortaggi da foglia in post-raitao

M. Piccotteet al: Attivazione — idratazione dipendente del PSlllieieni. Uno
studio in campo attraverso la fluorimetria direttenodulata

M. Sighicelliet al. Brassica oleracea-Phoma lingamteraction by means of
Imaging PAM Fluorescence

M. Pollastrinet al: Photosynthetic regulation in leaves of grapewrposed to
different light and UV regimes
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THE ANALYSIS OF THE FLUORESCENCE TRANSIENT OJIP: TH EORY AND
APPLICATIVE POTENTIALS

Reto J. Strasser
Bioenergetics Laboratory, University of Geneva C1%4 JUSSY-Geneva, Switzerland

Reto.Strasser@unige.ch

Fantasy and Rigor in Physics to define Non-Photochieal-Quench (NPQ) Expressions

If new experimental signals are detected, then tfaaye to be communicated to the
scientific  community. However very often this newnysterious” measured and
reproducible signal is a trace drawn by an instminfea sample has been treated in a well
defined way. Haw can we call it? Mostly we do naterstand why this signal behaves
this way. That means we do not know exactly howatbit. If we give a name according
of what we think it could be, without having stroagguments or even proofs, then we risk
that soon a wrong name will have be given and widetepted.

To change it on the basis of new “new signals” difficult undertaking, because the
same erroneous story may start again. The prashowss, that less the name of a new
signal says what it means, longer will be its tifae. More you call the signal, by how to
create it or how it looks and not what it meangntkhis description may remain quasi for
ever. P700 or P680 or C550 as light induced absorghanges are names for facts every
body can test and provoke with an appropriate eneig. It's meaning can change from
school to school. To label the fast fluorescense im an alphabetical order (from slower to
faster times) as F G H1J K L O (1) or for the maisible steps from shorter to longer
time as b F; i Fp or simply as OJIP-transient (2) is a pure phemwiogical fantasy
nomenclature. The advantage is that such namesaayeto write and as long as the usual
alphabet does not change they may last a long time.

The nomenclature was given in analogy to the KLMdformations, Rhodopsine
undergoes upon illumination (3). On the basis cfn@menological fantasy nomenclature
we start to construct parameters which expresshggpal meanings. Such new defined, in
a first approach, as fantasy expressions can bewenyeuseful to get an idea of what is
going on in our sample if such parameters can beeatefrom the experimental signals.
However if the original signal has already beenresped in a commonly accepted
physical language, based on the used biophysicabryh behind, then all fantasy
expressions can be translated into the standardiqatyterms, which allows e.g. to
compare expressions like fluorescence signalstiir exipressions like gN or gP or NPQ or
any quantum yield etc in terms of conventional tefike: Concentration (of chlorophyll in
excited state), of light energy absorption flux @B of the de-excitation rate constants for
photochemical and non-photochemical evenjysakd l and for the relative variable
fluorescence of PS Il as a function of the fractdrclosed (B) or open (A=1-B) reaction
centres. Therefore, remaining on a theoretically wtmple level, all fluorescence signals
and many defined fantasy expressions can be dewithdthe biophysical terms such as
ABS, ky (and its components) plnd B for any environmental conditions (4).

A glossary will show, how most old and new fantagpressions can be changed by
permutations into the three biophysical expressionsl) ABS *k-, 2) k/ky and 3) B.
the fraction of closed reaction centres of PSdk. & review see ref. (5).
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Responses to ozone oRopulus clones, assessed with fast kinetic and modulated
fluorescence

Filippo Bussotti, Chiara Cascio, Rosanna Desofdgiartina Pollastrini
Dipartimento di Biologia Vegetale, Universita dirénze, Italy

Cristina Nali, Elisa Pellegrini, Giacomo Lorenzini
Dipartimento di Coltivazione e Difesa delle Spetiegnose “Giovanni Scaramuzzi”,
Universita di Pisa, Italy

SeveralPopulusclones are known to be ozone sensitive, and aé as “model” to study
the physiological responses and metabolic pathwaptants subjected to oxidative stress. Among
the techniques and parameters suitable to inditedséress conditions, those related to the
fluorescence of the chlorophyll have several achged, because they are fast, non destructive, non
expensive and very informative. In this presentatiee summarize the main results obtained from
different experimental activities, in order to exte the informative potential of direct (JIP-test)
and modulated fluorescence. The JIP-test was applithin the experiments carried out in the
open-top chamber facilities at Curno (North Italg)the 2004-2005 period.

Ozone-induced stress were characterized by thévation of Reaction Centers (RCs). RCs
act as dissipator centers, also called heat sinktere instead of performing primary
photochemistry, they reduce,Qo Q.. This leads to an increase of the apparent anteizea
(ABS/RC). The maximum quantum yield of primary phaitemistry in the dark-adapted state
(Fv/Fy) displayed only slight variations. Plant responsese not proportional to ozone exposure,
and only at the end of the growing season (latg thulSeptember), efficiency and performance
parameters showed a sudden drop. The shape ofuthedcence transient (FT) — normalized
between Fand Ky, and betweendand F — shows very evident peaks at steps K, J andndmat
Fo and F. These peaks were recorded in ozone-exposed gatit® end of the growing season;
but, in some cases, they were evident also atehebing of the growing season (early warning
effect). Each peak corresponds to specific biochahaivents. K indicates the reduced efficiency in
the water splitting system (OES). J indicates jpaQcumulation in the single turnover region.
Finally, the | to P step seems to be more spedificmnnected to ozone stress and reflects
modifications in the reduction of electron end-gtoes, e.g. Ferredoxin and NADP, which are
sensitive to the biochemical properties of FNR &ubisco. The modulated fluorescence was
applied to investigate the effects of ozone on dhextron transport efficiency and chlorophyll
fluorescence quenching coefficients in two poplanes showing phenomenological differences in
response to ozone chronic fumigation (60 ppb oheZor 5 h day for 15 consecutive days).

At the end of treatment, the effective photosynthgtiantum yield of photosystem Il (PSlI),
as indicated by the ratio of variable to maximunoabphyll fluorescence, and the fluorescence
quenching (gP), that reflects the capacity of R8Hction centers to compete for chlorophyll
excited states and is related to the redox state@,p significantly declined in both clones.
Another, ozone increased the non-photochemicalaueg coefficients (QNP) indicating that non-
radiative dissipative mechanisms are involved ssigiation of excess energy. In particular, after
15 days of ozone treatment, the resistant clone wmable to down-regulate the PSII reaction
centers and so an irreversible modification of R8tHurred, rendering gNP irreversible. This result
showed that photo-inhibition is caused by transtdiom of active reaction centers into
photochemically inactive centers that dissipateitation energy into heat, thus causing non-
photochemical fluorescence quenching.
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Effetti degli NOx sui licheni: una questione dNon-Photochemical Quenching
Massimo Piccotto & Mauro Tretiach

Dipartimento di Scienze della Vita, Universita dejudi di Trieste
Via Giorgieri, 10
34127 Trieste, Italy

Gli NOx hanno un notevole impatto sul’ambiente e sondti@oimplicati nei
processi di formazione dell'ozono atmosferico dademog fotochimico. | licheni sono
organismi estremamente reattivi alla presenza ditasae che alterano la normale
composizione atmosferica e studi di carattere dtmo® hanno rilevato un progressivo
deterioramento della flora lichenica in concomitaniz elevate concentrazioni ambientali
di NOx.

I meccanismi molecolari di azione degli N®u questi organismi sono pero ancora
poco conosciuti. Uno degli obiettivi delle ricercbfettuate nel nostro laboratorio dal
2005 al 2008 e stato quello di individuare i posisdiffetti degli NOx sui licheni attraverso
studi di fluorimetria modulata e numerosi altri g@etri fisiologici (scambi gassosi,
contenuto di pigmenti fotosintetici liposolubilipreduttivita, ecc.). Il lavoro é stato svolto
conducendo alcune articolate sperimentazioni agllo trapianti, in siti urbani inquinati
e non, in condizioni altamente standardizzate,@dmo permesso di verificare gli effetti
degli NOx a concentrazioni ambientali anche in presenzérds&ressori.

Tali ricerche hanno dimostrato che la tolleranza ladeni agli NG dipende
strettamente dalla loro ecologia e che l'arido mgtima urbano pud rappresentare un
importante fattore di stress, che modula la rispadtlle specie. A, la massima
efficienza di conversione quantica del PSII, ég®asibile al protrarsi della disidratazione,
indotta dallaheat islandurbana, che non all’azione di questi gas fitotssi

Il parametro NPQ, dipendente dalla dissipazionéemhargia assorbita sotto forma
di calore, si € dimostrato particolarmente inforin@gt in quanto risente sia dalla
concentrazione che dal tempo di esposizione agl.N@ngono infine discussi alcuni
aspetti metodologici che supportano l'uso dellafascenza clorofilliana nel campo del
biomonitoraggio ambientale
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Fluorescenza fogliare e stress idrico in specie \w&gli: meccanismi di risposta e
potenzialita applicative

Elisabetta Salvatoti Lina Fusaro, Fausto Manes

Dipartimento di Biologia Vegetale, “Sapienza” Unrega di Roma
Piazzale Aldo Moro, 5

00185 Roma, Italy

*elisabetta.salvatori@uniromal.it

Lo stress idrico € uno dei principali fattori limitti la produttivita delle specie vegetali,
particolarmente nelle regioni a clima mediterrarfdsensio et al., 2007). Numerosi studi (es.
Epron et al., 1992; Manes et al., 2001) hanno tye® i meccanismi fisiologici attraverso cui le
piante rispondono a questo stress, evidenziandoe clemreazioni della fase luminosa della
fotosintesi vengano influenzate a causa delle adieni sia funzionali che strutturali che si
verificano a livello del fotosistema Il (PSII). Tallterazioni sono evidenziabili attraverso lo $ud
della cinetica di emissione della fluorescenza ad&lorofilla “a” in vivo, una tecnica non
distruttiva e non invasiva che consente di monitola stato funzionale dell’apparato fotosintetico,
ed evidenziare I'effetto dello stress prima cheesgano danni macroscopici a livello dell’organo
fogliare (Strasser et al., 1995). La misura ddll@rescenza del PSII viene condotta utilizzando
apparecchiature ottico-elettroniche — fluorimetridistinti in due tipologie: fluorimetri non
modulati, che misurano la cosiddetta “fluorescediratta”, e fluorimetri ad impulsi modulati,
sviluppati per la misura della fluorescenza “mothilall presente lavoro si propone di: 1) valutare
I'applicabilitd di indici di fluorescenza direttal anonitoraggio dello stato di stress della
vegetazione naturale, attraverso l'analisi di utasket ecofisiologico multitemporale riguardante
specie arboree in condizioni di campo; 2) confranfa sensibilita delle tecniche di fluorescenza
diretta e modulata nello studio della performamatedintetica di individui sottoposti a stress idyic
tramite un esperimento in ambiente controllatotefééo su una specie “modellcZga may4..).

Gli studi di campo sono stati condotti su individiiliQuercus ilex_., Quercus cerrid.., e
Fraxinus ornusTen. nel territorio del Parco Nazionale del Cir€e®), durante gli anni 2003, 2005
e 2006, caratterizzati da differenti condizionin@itiche. Le misure di fluorescenza diretta sono
state effettuate con lo strumento PEA2 (Hansatestrdments Ltd, UK), parallelamente alle
misure di scambi gassosi (fotosintesi netta, cdadmh stomatica e traspirazione fogliare) e
potenziale idrico fogliare prima dell’alba (“prevda’). | parametri di fluorescenza calcolati tramite
il test JIP (Strasser et al., 2000), evidenziandlifeerente risposta delle tre specie ai fattori
ambientali: in particolare, nel leccio il processtosintetico risulta influenzato principalmente
dalla temperatura (Bussotti, 2004), mentre cermreello risultano maggiormente sensibili allo
stress idrico (Manes et al., 2006; Nardini et2003). E’ interessante notare come dall’insieme dei
dati raccolti sulle tre specie sia emersa una i@iaz(R=0.41) tra il potenziale idrico fogliare “pre
dawn” e l'Indice di Performance Fotosinteticad2) (Strasser et al., 2000); cio sta ad indicare
come Plgs rappresenti un indicatore piuttosto sensibile ab@dizioni di stress idrico, e possa
pertanto essere utilizzato per il monitoraggioaleigetazione in campo.

L'esperimento in ambiente controllato (camere ctioke) e stato effettuato su individui di
Zea maysdivisi in due set sperimentalii un set di contpllirrigato per tutta la durata
dell’'esperimento, e un set trattato in cui, dopooinpleto sviluppo della 8°-9° foglia, I'irrigazien
e stata interrotta per 6 giorni. Sono state effé¢tunisure di scambi gassosi, fluorescenza fogliare
diretta (strumento PEA2) e modulata (strumento FMBansatechinstruments Ltgd UK). |
principali risultati mostrano come entrambe le tefea siano in grado di evidenziare precocemente
le limitazioni del processo fotosintetico indottalld stress idrico; tuttavia, la fluorescenza non
modulata rappresenta un approccio piu efficients ehparita di misure effettuate, € in grado di
fornire un maggior numero di informazioni sugli atieche si verificano a livello dell’'apparato
fotochimico.
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A model of the functional relationship between phaisynthesis and ambient
chlorophyll fluorescence

Ammar Dayyoub, Sabrina Raddj Christiaan van der THlFederico Magnahi

1DCA, University of Bologna, Italy
2 DiSTAF, University of Florence, Italy
3|TC, The Netherlands

Chlorophyll fluorescence measurements generallyorlthe application of pulses of
saturating light for the estimation of PSII photentical yield and electron transport rates.
The use of fluorescence measurements under anigietathowever, would be desirable in
order to extend the applicability of the technigoipassive remote sensing applications.

Here we present a novel functional model of theermattions between PSII
fluorescence and photochemistry, and of the regulink with photosynthetic rates.

According to the model, the relationship betweenoréscence yield and PSII
photochemical yield shows a segmented pattern, avigositive association under O
limited conditions and a negative linear relatiapshnder light-limited conditions. A
strong and consistent correlation is predicted betw PSIl electron transport and
fluorescence radiance.

The model has been successfully tested againstlelesif measurements under
variable [CQ] and light conditions on individual leaves ofArbutus unedp a
schlerophyllous Mediterranean species.
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Estimation of solar induced chlorophyll fluorescene with remote sensing techniques
R. Colombo, M. Meroni, M. Rossini, S. Cogliati, Migliavacca

Laboratorio di Telerilevamento delle Dinamiche Asniiali
Dip. di Scienze delllAmbiente e del Territorio
Universita degli Studi di Milano Bicocca

Piazza della Scienza, 1 - 20126 Milano, Italy

E-mail: roberto.colombo@unimib.it

Interest in remote sensing (RS) of solar-inducebbrophyll fluorescence (F) by
terrestrial vegetation is motivated by the linkFofo photosynthetic efficiency which could
be exploited for large scale monitoring of plardtss and functioning. Today, passive RS
of solar-induced chlorophyll F is feasible with fdilent prototypes and commercial
ground-based, airborne, and even space-borne nimstits under certain conditions. This
interest is generating an increasing number ofareseprojects linking F and RS, such as
the development of new F remote retrieval techrsgube understanding of the link
between the F signal and vegetation physiology, thedfeasibility of a satellite mission
specifically designed for F monitoring. This presgion reviews the main issues to be
addressed for estimating F from RS observationsvm applications: plant status and
photosynthesis.

There are some fundamental challenges in plantsststsessment using solar induced
fluorescence. The main factors that alter the Radigre bidirectional effects, background
response, atmosphere and variability of structpeabmeters. Therefore is important to
have a method for minimizing the effects of greémntass/chlorophyll on the recorded
signal. In fact, the intensity of the fluorescesagnal at canopy level depends both on the
efficiency of the photosynthetic apparatus and fitbe chlorophyll content. Therefore, in
order to correctly interpret the fluorescence signaerms of photosynthetic efficiency
indicator it is necessary to know the chlorophghtent of the investigated target. Canopy
with different photosynthetic efficiency and chlphyll content can lead to the same
fluorescence signal. To investigate how fluoresedncsensitive to biomass we conducted
a cutting experiment in corn. That is, we acquiata in a progressive thinning
experiment in which we removed 6 plants at eacle.tim

Fluorescence can be also evaluated for monitoringsystem Gross Primary
Production (GPP) along the growing season. We hamducted a two year experiment in
rice field during which we collected eddy data apéctral data.

What we learn in these experiment is that fluoneseecan be successfully used for
early stress detection and to track leaf and caneysl GPP along the growing season.
Finally, applications of the measured F signalhat three scales of observation (ground,
aircraft and satellite) are presented and discusseprovide the state of the art in F
estimation.
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Chlorophyll fluorescence as index of plant flavona content: in lab and in field
applications

Giovanni Agati

Istituto di Fisica Applicata “Nello Carrara”, IFACConsiglio Nazionale delle Ricerche
Via Madonna del Piano, 10
50019 Sesto Fiorentino, Firenze, Italy

g.agati@ifac.cnr.it

Flavonoids (FLAV) are compounds of the plant seeopdnetabolism that play
fundamental roles in the physiology of vegetatidiney protect against harmful UV
radiation and oxidative stresses, as well as agpeihogens and herbivores. Because of
their antioxidant properties FLAV are largely emy#d in medicine and represent an
added quality value for fruit, vegetables and vhlealerived products such olive oil and
wine.

In this context, the development of spectroscopathmds aimed to the evaluation
of FLAV in plant tissues, more conveniently thae tostly and time-consuming analysis
of compound extracts, is of particular importance.

Anthocyanins, a coloured class of FLAV, are patéidy suitable for in situ optical
detection since they accumulate in the outer lagésamples and strongly absorb visible
radiation. On the other hand, other FLAV have apison spectra in the UV region, where
the reflectance (and even more transmittance) kigifavegetable tissues are too low to
allow for the application of classical spectroscdgeichniques.

During the last decade a new fluorescence speopasanethod for the non-
destructive assessment of UV-absorbing compoundisaves have been developed. It is
based on the comparison of chlorophyll fluorescesigeals excited at different excitation
wavelengths.

Compounds accumulated on the external layers ot plaans screen the radiation
reaching the chloroplasts in the inner layers bffedint extent according to their
absorption spectrum. Consequently, the chloropghydirescence (ChlF) signals measured
at different excitation wavelengths will containfdrmation on the concentration of
particular compounds in the organ surface.

The method finds application in the agro-food seftiothe quality control of fruits
and in eco-physiology studies to monitor the vegatestress status.

The present talk will include: i) a descriptiontbe technique; ii) presentation of
portable sensors for in-field applications; iii)agmples of measurements, such as flavonol
determination inTriticum aestivuniL. leaves as index of nitrogen deficiency, onMitis
vinifera L. in response to different light exposure; antfaygn determination in fruits
(Vitis vinifera L. andOlea europaed..) as maturation index, both as in lab and itdfie
detections.
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Effects of boron and salinity stress on chlorophylfluorescence parameters of tomato
leaves

Guidi L.}, Degl'Innocenti E, Pardossi A%, Carmassi G, Massa O*

! Dipartimento di Chimica e Biotecnologie Agrariea\el Borghetto 80 — 56124 Pisa,
Italy

2 Dipartimentodi Biologia delle Piante Agrarie, Viale delle PiagR3 — 56124 Pisa, ltaly

Many studies have been done about the effect ofl Nalhity on plants grown in
closed hydroponics, but less attention has beesh foastudy how high concentration of
trace elements, such as boron (B), can affectspoesse crops. So the aim of this work
was the study of the response of tomato grownesegnce of low and high irrigation water
NaCl salinity and B concentrations. Tomato plantsravgrown in perlite bags with
recycling nutrient solution, prepared using rawewatith two NaCl (0.5 or 10.0 mmofl™)
and B (46 or 185 umol/L, roughly 0.5 and 2.0 mgfdipcentrations.

Laboratory analysis highlighted a B toxicity resdltin evident chlorosis and
necrosis of leaf edges and tips. All the treatmesitswed a strong difference in B
concentrations between marginal and central aretiedeaves, the latter remaining green
and viable even in condition of severe B toxici#g indicated by the determination of
chlorophyll fluorescence.

In particular, analyzing the symptomatic and asymyatic areas of the leaves, the
parameters of chlorophyll fluorescence showed gtuifferences. Even from the analysis
of chlorophyll fluorescence imaging, a reduction thle photosynthetic activity in
symptomatic areas of leaves in plants treated higin B concentrations was observed.
Among the treatments, the saline water and low tBasonly one without symptoms and it
shows fluorescence values typical of healthy tissoxmer the whole leaf. Therefore, the
protective effect of salinity against B cannot ksxrébed to a reduction of its uptake
associated to decreased water flux; it basicaBylte from the increased frequency of the
nutrient solution discharge in high-NaCl treatmemikich reduced the accumulation of B
in the root zone.
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Chlorophyll fluorescence quenching as a tool to seen olive cultivars tolerant to
drought stress

Faraloni.C, Cutino 199, Petruccelli R?, Leva A.R?, Traversi L® and Torzillo ¢V

@) |SE, Istituto per lo Studio degli Ecosistemi, Cgfisi Nazionale delle Ricerche, Via
Madonna del Piano 10, 50019 Sesto Fiorentino (Fd)y

@ VALSA, Istituto per la Valorizzazione del Legnalelle Specie Arboree, Consiglio
Nazionale delle Ricerche, Via Madonna del Piano3@)19 Sesto Fiorentino (FI),
Italy

The measurements of fluorescence chlorophyll isicemed a promising technique
to rapidly quantify the response to physiologidegss in higher plants.

Drought stress can be considered one of the megént environmental constraints
causing the failure of newly planted trees. OliveetOlea europaep a representative
drought stress tolerant plant, is one of the mggical and economically relevant plant
species grown in the Mediterranean area. Howewrdifierent cultivars may exhibit
different drought tolerance level, the selectiontleé most drought tolerant cultivars
acquires relevance.

The objective of this study was to determine whetihéormation obtained with
chlorophyll fluorescence measurements carried autletached olive leaves subjected to
dehydrationin vitro, may be translated on the whole olive plant.

Results revealed thah vitro measurements were effective to evidence strong
differences in the W, ratio decline among the cultivars, following 24 umn® of
dehydration, and it was possible to distinguishfedént level of putative tolerances.
Measurements carried out on whole plants of differiltivars confirmed, indeed, the
results obtainedin vitro. The results indicated that the chlorophyll flismence
measurement represents a valid technique for d smpeening of olive cultivars tolerance
to drought stress.
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Uso della fluorescenza della clorofillaa per la valutazione della qualita negli ortaggi
da foglia in postraccolta

Baldassarre V., Cabassi G., Ferrante A.

Dip. Produzione Vegetale, Universita di Milano,ljta

La qualita degli ortaggi da foglia & definita daatteristiche estetiche e nutrizionali.
Durante la fase post-raccolta le proprietd qualgatdegli ortaggi possono essere
rapidamente alterate dalle condizioni di consevazi La temperatura e il tempo di
conservazione influenzano fortemente il periodoeafhdita. L'uso di sistemi rapidi e non
distruttivi pud essere un valido strumento di sufpoper garantire la qualita al
consumatore. La clorofilla € un pigmento fogliafee cdiminuisce in post-raccolta ed
influenza la qualita estetica del prodotto. In jgattre la misurazione della fluorescenza
emessa dalla clorofilla del fotosistema Il potrebbe essere un ottimo siatdi controllo
della qualita degli ortaggi durante la filiera gabduttore al consumatore. Negli ultimi
anni si sono diffusi gli ortaggi da quarta gamma giossiedo una vita post-raccolta
limitata a 6 giorni. Lo scopo del presente lavosiato di valutare la senescenza attraverso
la funzionalita della foglia mediante la determioaz della fluorescenza della clorofilla a.
| prodotti sono stati conservati a 4 e 10 °C eecdtlla fluorescenza della clorofilla, tra i
principali parametri qualitativi, stati determin&iclorofilla, i carotenoidi, gli antociani e i
fenoli. | dati ottenuti dalle misure della fluoresza hanno permesso di effettuare analisi di
correlazione e regressione tra i parametri quaditatil tempo di conservazione per ogni
temperatura utilizzata.

| risultati ottenuti hanno mostrato un’alta cormtme tra il tempo di conservazione
e i parametri ricavabili dalla curva d’'induziondlddluorescenza. In futuro l'uso di uno di
questi indici potrebbe essere utilizzato per maoar® la temperatura di conservazione e/o
di trasporto in qualunque punto della filiera edilutare il grado di senescenza del
prodotto prima della vendita.

* % %

Use of chlorophyll a fluorescence for evaluating gtharvest quality of leafy vegetables

The leafy vegetables quality is defined by aesthatid nutritional characteristics. During
postharvest stage the qualitative properties ofylagegetables may be rapidly affected by storage
conditions. Storage temperature and duration stipimgfluence the shelf life. The use of rapid and
no destructive methods can be valid system foraguee the product quality to consumers. The
chlorophyll is a leaf pigment that declines in p@svest and affects the product appearance. The
chlorophyll a fluorescence can be a good qualityrkea for evaluating the vegetables quality
during the distribution chain. In the recent yedn® minimally leafy vegetables production has
been increased with a shelf life limited to six glajhe aim of this work is to evaluate the leaf
senescence through the leaf functionality by chdbyll a fluorescence measurements. Leafy
vegetables were stored at 4 or 10 °C and duringagt® along with chlorophyll a fluorescence also
were measured chlorophyll, carotenoids, anthocysrand phenols. Chlorophyll a fluorescence
data were correlated with quality parameters andbrage duration at the two storage
temperatures. Data obtained showed a high corretatimong storage duration and parameters
calculated from the fluorescence induction curv&fier further validation one of the indexes
studied can be used for monitoring the storage&pamtation temperature or the senescence stage
of leaf vegetables in any point of the distributatrain.
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Attivazione — idratazione dipendente del PSII neiitheni. Uno studio di campo
attraverso la fluorimetria diretta e modulata

Massimo Piccotth Paola Malaspirfa Sara Tixf, Mauro Tretiach Paolo Modene§;
Paolo Giordarfi

! Dipartimento di Scienze della Vita, Universita degjudi di Trieste
Via Giorgieri 10, 34127 Trieste, Italy
2DIP.TE.RIS., Universita degli Studi di Genova, @oBogali 1M, 16136 Genova, Italy

Il lavoro si colloca all'interno del progetto FISRICENA “Modello integrato per
I'evoluzione degli ecosistemi naturali e agricahi relazione ai cambiamenti climatici
nell’area mediterranea”. L'obiettivo della ricer@ stato verificare se le misure di
fluorescenza (CHF) diretta e modulata evidenziano coerentementdtivéaione
idratazione-dipendente del PSII del fotobiontedigico. Nei licheni in stato de-idratato, la
fotosintesi e soppressa e I'emissione dijEHé ridotta di ca. 10 volte rispetto allo stato
idratato. Gli studi fluorimetrici di campo su guestganismi sono scarsi e cio € dovuto
soprattutto alla mancanza di un protocollo standaado e alla scarsa comprensione delle
variabili che maggiormente influiscono sulla ¢hl

Lo studio é stato condotto su 5 specie di lichetio$i con fotobionte congenerico
(Trebouxiaspp.), ma con caratteristiche ecologiche diffardrtalli sono stati selezionati
in 5 siti di campionamento nella Sardegna Occidentacalizzati lungo un gradiente di
umidita atmosferica. Il protocollo sperimentale gravisto un pre-trattamento, svolto le
sere prima delle misurazioni, durante il qualehédini sono stati idratati e adattati al buio.
Le mattine seguenti sono state effettuate misurg/éh, con un Handy-PEA (JIP test)
(Hansatech Instr., UK) e con mini-PAM (Walz, Germanutilizzando differenti
combinazioni di sensibilita strumentale (igain) (n = 600).

| risultati evidenziano come la disponibilita idaia@annuale e giornaliera moduli
I'attivita del PSII di questi organismi. Emergontzumi aspetti problematici come) (a
necessita di regolare il settaggio strumentaleasehballa fotofilia dell’'organismo &i) il
controllo dell’errore strumentale, indotto dellamggeratura ambientale, sulle misure
dell’emissione di ChF per sé(p. es. b, Fn).

Vengono quindi proposte delle soluzioni alle profdéiche incontrate estendibili
anche alle misure di Ciffl condotte in campo su altri organismi fotoautatrof
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Brassica oleracea-Phoma lingarmteraction by means of Imaging PAM
Fluorescence

Sighicelli M., Valente F. and Lai A.

ENEA - Centro di Ricerche Frascati
Via Enrico Fermi 45
00044 Frascati (Roma), Italy

The pathogens attack can affect directly or indiyeglant photosynthetic
performance and modify leaves optical and fluoresegoroperties. Many studies showed
that under stress conditions the photosynthetiaigura conversion decreases while heat
emission and chlorophyll fluorescence increaseof@iphyll fluorescence emission is an
efficient and non-destructive tool to detect stresdhe photosynthetic apparatus. The
possibility to use the imaging technique allow tghtight early plant-pathogen interaction
on whole surface when the spatial variation, duento uniform alteration in plant
metabolism, is occurred.

In this study, early diagnosis and non-destructivenitoring of blackleg disease
caused byPhoma lingamon broccoli Brassica olearaceavar. italica) plants was
investigated.

Fungi inoculation was carried out on three distjpaitt of plant: cotyledon, stem and
leaf. For each kind of inoculation leaves photocitainparameters were collected at
different day both in fungi-infected and uninfectpthnts. Measuring of fluorescence
(Fv/Fm, Y[PSII])), photochemical § and non-photochemical quenching (NPQ)
parameters were performed by the portable ImagigtFChlorophyll Fluorescence
fluorometer (Walz, Germany).

Fluorescence images and parameters showed diffpfant responses relative to
spatial and temporal variations in function of fumgpculation. Imaging analysis have
allowed to visualize heterogeneity in plant resgorighotochemical parameters changes,
even if the symptoms are not evident, were obsenrdther areas of infection,
corresponding to disease development, were evat@ntn imaging analysis.

The early and non-destructive diagnosis of diseass confirmed. Therefore,
Imaging PAM Fluorescence allows the mapping and ghgsiological study of host-
pathogen interaction.
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Photosynthetic regulation in leaves of grapevine gwsed to different light and UV
regimes

Martina Pollastrin’, Filippo Bussotti, Marco Ferrettt, Valentina Di Stefarfo Daniele
Grifoni®, Gaetano Zipofi Giovanni Agatt, Simone Orlandifi

! Dept. of Plant Biology, University of Florence, Pale delle Cascine 28, 50144
Florence, Italy

2 Dept. of Agronomy and Land Management, UniversityFlorence, Piazzale delle
Cascine 18, 50144 Florence, Italy

3CNR-IBIMET, Via Caproni 8, 50144 Florence, Italy

*CNR-IFAC, Via Madonna del Piano 10, 50119 SestodFitno (FI), Italy

* corresponding author: martina.pollastrini@unifi.i

In the Mediterranean environment plants are suli@dtigh solar irradiance. An
excess of sunlight energy, exceeding the amount fephotochemistry reactions, could
lead to an over-excitation of the reaction cengtl consequent photoinibition damage.

The aim of this study is to evaluate the photosgtnthefficiency in different light
environments. The research was carried out in xiperanental farm Mondeggi Lapeggi,
located in the northern part of the Chianti regioiuscany. It was conducted at the end of
the 2007 vegetative season.

Photosynthetic efficiency at different light regisneas analyzed in two years old
plants of grapevineMtis vinifera L. cultivar Sangiovese) cultivated in pots. Three
different light intensity treatments were carriedt:010% of full sunlight, 50% of full
sunlight, and full sunlight exposition. The redoatiof solar irradiance that received by
plants was obtained using shading nets (90% andd@G#tading) fixed on tunnels.

Microclimate under and outside the tunnels was tamtly monitored and the solar
radiative regimes were characterized through spextrometric measurements.

To evaluate the responses to the different wavébsndJV light filters were also
arranged above of vines.

Chlorophyll a fluorescence under different light conditions wasasured by an
HandyPea fluorimeter in four completely expandea/és for plant. Five plants for each
light treatment (three level of shading and two tbnhditions) were measured. Before each
measurement, leaves were dark-adapted with |lgad.dlVe carried out, also, the anlysis of
the chlorophyll content of leaves and morphomegtacameters (leaf mass per area, leaf
density, thickness).

The photosynthetic capacity of grapevine in refatio different light conditions was
detected with JIP-test.The plants grown in the lowght intensity and without UV
radiation (10% of sunlight, with UV filter) showddgh photosynthetic efficiency: these
plants use the low light intensity available witigth trapping capacity, high electron
transport efficiency and reduced dissipation. la fgiants exposed to full sunlight, the
assence of UV radiation lead an increase of paesidanvolved in the dissipation
processes. Plants at the 50% of full sunlight digpin intermediate behavior between 10%
of sunlight and full light condition.
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ozone stress
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Effect of irrigation and nitrogen fertilization on photosynthetic process in fiber
sorghum leaves

L.Bellomia, M.A. Russo, E. Sanzone, O. Sortino, A.C. BarbSraosentino, A. Belligno

DACPA, Facolta di Agraria, Via S. Sofia 98 - 95X 0étania, Italy

" corresponding author: laura.bellomia@tiscali.it

Effects of water stress on plant physiology, inatgdeaf photosynthesis, have been
extensively studied. Water deficiency can causedagation of gas exchange between plant
and environment, with a consequently limitation@®D, assimilation and carbohydrate
synthesis. In this research the influence of thregation levels (25, 50 and 100 % of
maximum evapotranspiration restoration) on photthstic process in sorghum leaves was
evaluate.

Two fiber sorghum genotypes {# and Hsy) were sown in a split plot design with
three replicates in which three irrigation levalsatments were applied: 25%sf] 50%
(Isg) and 100% (log) of maximum evapotranspiration (ETm) restoration.

With regards to morphobiometric characters, plasteched the highest values of
height in correspondence of maximum levels of atiign and nitrogen fertilization 1¢o
N120): observed value ranged between 451 and 484 quactgely for Ho,and Hss

Dry biomass also showed significant variations etation to the studied factors,
with the highest value in thesigd Ni2o (3512 g nif). The level of irrigation s showed
biomass production as much high, ranged betwee8 @60 3120 g m-2 respectively 4y |
Nso € ko N120, @against a production reduced by low irrigationthesis without nitrogen
treatments (986.7 g ).

Both LAI and photosynthesis were higher jpol with significant differences among
the three level of irrigation. The highest £&ssimilation activity was found in thesis with
Etm restoration of 50 and 100%. In the mean of gges, the Leaf Area Index (LAI)
ranged from 5.3 to 8.0 and the photosynthesis 88 to 30.0 pmol fis®. Significant
differences were detected among genotypes in LAd; $howed higher values thand

The higher photosynthetic activity inod can be attributable to the greater stomata
number as consequence of the higher leaf area iihddx
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Impiego della fluorimetria nel controllo della consrvazione delle patate

Giulia Bianchi, Marcello della Campa, Roberto La&o, Andrea Maestrelli
CRA —1AA - Via Venezian, 26 - 20133 Milano, Italy

La patata $olanum tuberosurh.) € una coltura alimentare di grande diffusione
ordinariamente soggetta a conservazione dopo taltac | produttori hanno I'esigenza di
valutare i cambiamenti nei parametri qualitativillelepatate nell’arco del periodo di
conservazione, dal momento che le transazioni camatiecorrenti richiedono che i
requisiti minimi di qualita vengano mantenuti cogtanel tempo. E’ molto sentita
I'esigenza di strumenti che permettano di moni®tarderrate in maniera non distruttiva.

In collaborazione con 'ERSA del Friuli-Venezia Gausono condotte da due anni
prove di conservazione delle patate presso il CRA-Idi Milano, per verificare
I'applicabilita delle metodiche non distruttive paibili alla valutazione dellandamento
del post raccolta.

| tuberi di patata qualitativamente idonei al cansunon contengono clorofilla
('inverdimento comporta lo sviluppo di glicoalcalo tossici ed e pertanto una delle
principali cause di scadimento qualitativo) ma pE$sno un apparato fotosintetico
potenzialmente attivo, il cui stato e legato abedizioni fisiologiche. Si e quindi ritenuto
che durante la conservazione i relativi valori petgo subire delle modificazioni. In effetti
le misure hanno mostrato un andamento che, inslicasi, riflette le condizioni di stress.
Sono illustrati alcuni esempi di variazioni nei gaetri fluorimetrici prossime al momento
del germogliamento.
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Intercalibration of fluorimeters and comparability of results

Filippo Bussotti, Martina Pollastrini
Dipartimento di Biologia Vegetale, Universita dirénze, Italy

Massimo Piccotto
Dipartimento di Biologia, Universita di Triestealy

This presentation reports the results of an intén@dion exercise carried out at
Passo Pura (Udine) in June 2007. Five Handypea lamdini PAM, provided from
different working groups, participated in orderuverify the comparability of the results.
Before starting the exercise, each Handypea wasdfitvith the same measurement
conditions (intensity of illumination: 3000 umolfs™; duration of illumination: 1 s; gain
= 1). Each participant took the measurements ors#imee leaf clip, after 0 min of dark
adaptation. Ten plants, with 4 leaf clips each,enmaken into consideration. The results
evidenced a quite high different sensitivity inoeding the values offand k also among
the Handypea fluorimeters (the coefficients of &mon — CV - were 23% forgr=and 20%
for Fv), but the ratio between these valuegKfr) was very less variable (CV = 8%). The
quantum vyield for primary photochemistryy(Fv) was quite stable also considering
Handypea and Minipam together (CV = 4.6%), as aglthe parameters calculated on the
normalized transient curves (only Handypea=\5.9%; \f = 3.9%). The highest CV was
detected for the Perfomance Index agRl— (30%), but only 12% if considering the
Driving Forces (Log Rks). Finally, an Handypea instrument gave reguladg\different
results respect to the others.
From an operational point of view, if different inements are used in a same
campaign of measurement, one should take in actbant
- The different instruments should be checked andpewetd before starting the
campaign;

- R/Fy allows the better comparison even with differerdasurement conditions
(different kind of instruments; different settingdaso on);

- Normalized transients are less variable (and coaipa) than the raw ones;

- Driving Forces allow a better comparison than tagd®mance Index.
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Ozone stress on woody plants, detected by the chighyll a fluorescence transient

Filippo Bussott}, Chiara Cascid, Rosanna DesotgiuMartina Pollastrint, Reto J.
Strassef, Marcus Schauh Giacomo Gerosg Riccardo Marzuofi
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This paper re-analyzes fluorescence data from ¢mgenchamber (OTC)
experiments, already published by different redegroups, in order to individuate some
general features of ozone stress on woody plants.

The experiments were carried out by Swiss andahaliesearch groups at the
experimental research facilities of the Lattecatdmtonal forest nursery (Switzerland,
managed by The Swiss Federal Research Institute,VB8mensdorf) and the Curno
regional forest nursery (Italy, managed by FLA, aviland Catholic University at Brescia).
The experimental settings were similar and congiefefour charcoal filtered air (CF) and
four non-filtered air chambers (NF, wherg €ncentrations are about 92% in respect to
ambient air). The woody species assessed wWasxinus excelsigrPrunus aviumand
Viburnum lantana, Fagus sylvatica, Populus nigrad Quercus robur Ozone levels
(AOT40 April-September) were close to 25 ppm.h athbsites, for all the considered
years.

Chl a fluorescence transients of intact leaves were uredsby means of direct
fluorescence at different times during the seas@msa logarithmic time scale, the rising
transient from §(when all the reaction centres of the PSII arenppe. when the primary
acceptor quinon&, is fully oxidised) to F (where | = Ry under saturating excitation
light) had a polyphasic behavior. The analysisheftransient is called the JIP-test.

Ambient ozone concentrations lead to the closuresattion centres (RC), which
function as dissipater centers. All the parametmsnected to dissipation were also
increased. The quantum vyield efficiency/Mffy) demonstrated only little sensitivity. The
response was not proportional to ozone expositrafica fluxes. During the first part of
the season, leaves were very resilient and photiossis could be transiently stimulated by
ozone. Only towards the end of the growing seasfficiency and performance
parameters showed a sudden drop. For speciesemitiniated growth during the first part
of the season, ozone has little effect on carboatibn and storage. Growth was
significantly reduced in species with a continuguswth pattern. The comparison of the
shape of FT normalized peg &d Ky and per iFand K shows evident peaks at the steps
K, J and |. Each peak corresponds to specific l@oubal events. K indicates the reduced
efficiency in the water splitting system. J indesta @ accumulation in the single
turnover region. I-peak seems to be more spedyicainnected to ozone stress due to the
inactivation of Rubisco.
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Use of fluorimetric and photosynthetic parameters ¢ evaluate the effect of water
stress conditions on Photinia x fraseri “Red Robin” and Viburnum lucidum
development
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Fluorimetric and photosynthetic parameters are wesgful to understand plant
responses to drought stress. In ornamental plaespecially those utilized in
Mediterranean dry urban landscape design, thesaneders are very important because
may allow to assess plant adaptability to drougird@ions and thus to optimize water
use. The aim of this research was to study theoresgpofPhotinia x fraseri "Red Robin"
and Viburnum lucidumtwo species used as broadleaf hedge shrubsatier wtress, by
means of fluorimetric and photosynthetic parametiants were grown into a greenhouse
(placed in Pescia, PT, from June to October 2068)ots filled with peat and pumice (1:1
v/v). Three levels of irrigation treatments wepplked: 66%, 73% and 80% of container
capacity (CC), with irrigations activated whenethe moisture content fell down to those
values until restoration of the CC. In a fourtleattment, the moisture content was
maintained constantly at 73%, by means of frequreigations of few seconds. Irrigation
was regulated by an automated system interfaceld satl moisture FDR sensors.The
following parameters were analyzed: transpiratisiomatal conductance, internal €O
concentration, net photosynthesis, water use effey (the photosynthesis/transpiration
ratio), chl a fluorescence parameters o(FFm, Fv/Fm, photochemical and non-
photochemical quenching). Moreover, biometric patars (leaf area, root growth,
biomass accumulation, etc.) were also consideredh Bhysiological and growth data
indicated thatViburnum lucidumwas more sensitive thaRhotinia to water stress
conditions. In fact, inViburnum significant differences in both fluorimetric and
photosynthetic parameters were observed amongriesds; the thesis with the higher
moisture content showing the best results (irrayeti at 80% of CC). Biometric data
confirmed these observations. OtherwiBhptinia x fraseri "Red Robin" showed a better
response to water stress treatments. In fact, ¢lse fesults for all considered parameters
were observed in the thesis where irrigation wawvaed when the soil moisture content
was 73% of CC.
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Effects of ozone on medicinal plants: the case bfelissa officinalis
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Ozone (Q) is worldwide considered the major phytotoxic @ntaminant. Sensitive
plants exposed to ambient; Qevels suffer significant growth reductions, préuna
senescence, as well as relevant alterations inndacp metabolism. Medicinal plants
represent a field of interest poorly studied as darphytotoxicity of air pollutants is
regarded. So, we investigated the response of 8éebfficinalis L. to Q pollution, under
controlled conditions (i.e. fumigations in the fooha single square wave of 200 ppb for 5
h). Treated plants showed a wide range of physicébgesponses, like energy dissipation
(photochemical quenching +40% and non-photochemiqakenching -10%) and
modifications in the pigment complex (increase lué ratio chlorophyll @/b) of about
80%). After 48 hours it is possible to observe amscopical response, in the form of
severe minute roundish dark-blackish necrosis, liled in the interveinal area of the
adaxial surface of leaves.
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Danni fogliari, efficienza fotosintetica e produttvita in Phaseolus vulgarisesposto a
ozono: uno studio basato sui flussi
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Gli elevati livelli di ozono a cui si trovano espede colture estive in Italia lasciano
supporre l'instaurarsi di risposte di danno ad diyeilo di organizzazione biologica negli
organismi vegetali coinvolti. A livello cellulare subcellulare i danni si manifestano
dapprima con alterazioni funzionali a carico dg@parato fotosintetico e poi con lesioni
strutturali delle membrane fino ad arrivare ad vueia@ e propria morte cellulare. Quando le
lesioni interessano gruppi numerosi di cellule tarestici sintomi necrotici diventano
visibili sulla lamina fogliare. Piu spesso le risg® rimangono sottotraccia dal momento
che i sistemi antiossidanti e i meccanismi di @z@&ne contribuiscono a difendere
I'integrita cellulare. Il costo energetico di t@lfocessi si traduce pero in un calo netto di
produttivita degli individui vegetali e di conseguza in un minor raccolto.

Con l'obiettivo di quantificare gli impatti dell’@no su una coltura orticola, piante
di fagiolo cv. Borlotto Nano Lingua di Fuoco sortate allevate in Dpen Top Chambers,
due quali delle funzionanti con aria filtrata (@ajuali € stato rimossosDe due con aria
ambientale (con §).

Dopo lI'emersione delle foglie primarie campioni liag sono stati prelevati
regolarmente ogni tre giorni e sottoposti ad analisroscopica istocitochimica al fine di
individuare linsorgenza di eventuali lesioni printgella comparsa di lesioni fogliari
visibili. Contestualmente sono state effettuate un@is di conduttanza stomatica,
fluorescenza della clorofilla-a e riflettanza f@gé con l'obiettivo di:i) costruire un
modello di conduttanza stomatica sulla base deleqeelcolare la dose di ozono ricevuta
dalle piante, @i) rilevare alterazioni funzionali a carico dell’appto fotosintetico e del
ciclo delle xantofille. Al momento del raccolto ghffetti sulla produttivita sono stati
valutati attraverso I'analisi dei numeri e dellessa di baccelli e semi di ciascuna pianta.

Durante il periodo vegetativo le piante allevateama non filtrata hanno ricevuto
una dose di ozono pari a 20.500 mmal r®*, piti del doppio di quelle allevate in aria
filtrata. | sintomi fogliari visibili sono comparsi partire da una dose critica di 1,33 mmol
m3, preceduti 3-4 gg. prima da lesioni cellulari véeili microscopicamente. L’azione
dell’'ozono a livello subcellulare si é tradottauna riduzione del contenuto di clorofille e
dell’'efficienza fotosintetica nonché nell’attivam® di meccanismi fotoprotettivi, tutti
fortemente correlati alla dose ricevuta. Le ripssioni sulla produttivitd si sono
manifestate con una riduzione netta del numeroadcdlli (-28%), che rivela anche un
effetto inibente sulla fioritura, e di semi prodata ciascuna pianta (-33% in numero e -
41% in massa).
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Imaging PAM Fluorescence to evaluate virus attackni Datura stramoniumL.
A. Lai', M. Sighicellt, D. Alioto?, L. d’Aquinc®
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Plant virus infections induce several physiologwanges in the host that may lead
to metabolic damages to cells, tissues and orgamgcathe expression of visible disease
symptoms. Among the physiological processes, plotbssis is heavily influenced by
virus infections and the effects on the photosyithegpparatus are mainly evident in the
diseases that evolve through necrotic and chlosptaptoms on aerial part of the plant
host. Chlorophyll fluorescence imaging of virusdedd symptoms in plants has been
previously reported for different plant-virus comaiions and several studies indicated that
viral infection alter chlorophyll fluorescence pareters.

In this work we used the chlorophyll fluorescenmaging to investigate the effects
induced byTobacco mosaic viru¢TMV), Cucumber mosaic virugCMV) and Potato
virus Y(PVY) on the photosynthetrctivity of Datura stramoniuni., a widespread weed
commonly used as test plant for virus biologicalexing. The results indicated that the
different plant-virus combinations induce differegftects on electron transport process
and on the plant photosynthetactivity, with unexpected positive effects inducey
CMV. As usual, xanthophyll cycle was activated hg wirus attack, again with different
effects in CMV-infected plants. Chlorophyll fluocesice imaging seems to be able to
provide an interesting tool for an early detectioh photosynthetic stress in virus-
inoculated plants. The study of the early stagplat-virus interaction physiology is also
feasible.
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Photosynthetic responses ofriticum durum varieties to long-term ozone fumigation
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Two Italian wheat Triticum durun) varieties, Mongibello and Claudio, were grown
in fumigation chambers from emergence to matunityere they were exposed to 80 ppb
O3 (7 days per week, h 10.00-15.00). From the tiligrstage, “Mongibello” displayed a
stronger reduction in photosynthetic activity inngmarison to “Claudio” (-44.7 and -
12.7%, respectively); in particular in “Mongibell®; induced a significant increase in
non photochemical quenching values (+80.0% in coispa to control): a higher portion
of absorbed photons was lost as heat instead of husied to drive photosynthesis. During
emergence of the inflorescence, only “Mongibelldiowed a significant decrease in
photosynthetic activity (-15.6%) and stomatal cartdoce (-33.7%), while “Claudio”
showed a consistent decrease in chlorophyll (abdrashdp-carotene content. {Qreatment
induced a small reduction in,/F, ratio (-2.8% in comparison to control). In
“Mongibello”, O3 decreased the relative growth rate between irdtemece emission and
maturity of caryopsis. As a result, the overallwgio was clearly reduced with respect to
controls.

Assessment of yield at harvest revealed a stro@enduced decrease in the
number of grains per ear in “Mongibello” with respéo “Claudio” (-40.0 and -28.6%,
respectively). Only in “Mongibello” there was a dease of the dry weight of grains per
plant and of spikelets per ear. No negative effentthe dry weight of leaves and stems or
in the number of ears per plant were found.

Our findings highlight the different response of tiheat varieties under study. The
higher ozone sensitivity of “Mongibello” may be die () greater sensitivity in terms of
growth during the critical period between infloresce emission and maturityii)(
decrease in photosynthetic activity from tillering inflorescence emissionjiij no
exploitation as antioxidants of photosynthetic pamts.
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Quenching Partitioning through light-modulated chlorophyll fluorescence: a
guantitative analysis to assess the fate of the abbed light in the field
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Plants use only 5-10% of the total absorbed entngget carboxylation, while the
remaining amount is dissipated via alternativetsgii@s involving thermal processes,
fluorescence and photochemistry, all of which apenpetitive mechanisms. The main
purposes of these pathways are the photosynthatimoxylation and the dissipation of
excess energy to limit the formation of reactivggen species (ROS) and photooxidative
risks. Light-dependent thermal dissipation can ivéddd into photo protective quenching
(accomplished by the xanthophyll cycle) and Phattesy 11 (PSII) photoinactivated re-
emission; the latter’s contribution is small be@atlsee complexes are quickly repaired and
the detection of the real amount of the damagedl iB&iade difficult by this effective and
efficient recovery system. The remaining absorbedrgy is engaged to mobilize the
electrons through several photochemistry processiegluding photosynthesis,
photorespiration and the alternative electron frarts.

The analysis of the commonly used fluorescencenpeters gives a qualitative information
about plant energy management, although it iscdilfito appreciate the relative weight in
energy partitioning of each pathway.

This study reports the application of quenchingipaning through a chlorophyll
fluorescence approach performed on peach leavegcsedh at three different light
intensities (500, 1000 and 21fol m’sY) for four times of exposure (30, 60, 90 and 120
minutes) in absence of photo-damage recovery. €umtbre, this methodology was
compared with the P700edox kinetic method for determining the functibR&I1 fraction
in leaves.

In absence of recovery the active PSIl concentratiecayed with the photon
exposure (the product between irradiance and the ¢if exposure) increase, following an
exponential pattern according to the reciprocityv.laThe photoprotective thermal
dissipation, ®NPQ was proportional to irradiance up to 30 minubdésphotoinhibitory
treatment. AfterwardePNPQ was limited by the increasing competition fioe tabsorbed
energy re-emitted by the inactive PSIINF). ®NF increased with the photon exposure
dissipating up to 70% of the total incoming energiie energy amount funneled to the
photochemistry ®PSIl) decreased with time of exposure and lighensity increase,
becoming O after 120 minutes of photoinhibitoryatreent at the maximal irradiance. The
relation between the active PSII fraction, measwvatl the P700 redox kinetic method,
and the energy amount used by the active PS{bNE), deriving form the quenching
partitioning, was linear.

The quenching partitioning trough light modulateldorophyll fluorescence is a
useful tool to analyse plant energy managementgaves also a good estimation of the
active PSII fraction. This methodology can be gasfed in the field as measurements are

rapid and not destructive and the detection dexace$ecoming more and more portable.
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Valutazione dell’efficienza fotosintetica in rispota a stress da zinco nelle Pteridofite
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Il presente studio e stato condotto in sistemapioingco, utilizzando come medium
la soluzione Hoagland’s ¥z strength, pH 5.9, addiia di Zn 0, 50, 125, 250 e 500 m§ L
(ZnSQy). La risposta fisiologica allo stress indotto daln nelle felci Polypodium
cambricume Pteris vittata e stata valutata come variazione temporale ditliehza
fotosintetica.P. vittata e una nota iperaccumulatrice di As, che toller@ceumula nelle
parti aeree anche discrete quantita di Zn crescenditi co-contaminati (1, 2), mentke
cambricumaccumula Zn prevalentemente a livello ipogeo (3).

Le variazioni dell’efficienza fotosintetica sonatg analizzate attraverso misure di
fluorescenza del fotosistema I, realizzate cdtudrimetro diretto Handy-PEA. Durante |l
periodo di esposizione (3 settimane), la fluorezaatella clorofillaa € stata misurata su 3
fronde (pinnula basale, apicale e mediana) petatreento, con cadenza temporale di due
volte a settimana.

L’analisi della curva di induzione della fluoresear(JIP test) e dei relativi parametri
della fisiologia fogliare, secondo Straseeal (4), € stata integrata con il monitoraggio sia
dei danni macroscopici che anatomici a livello digersi tessuti e organi esaminati.

L’efficienza fotosintetica delle piante sottopostetrattamento con Zn 50 e 125 mg
L™ non ha evidenziato decrementi significativi rispetille piante controllo (Zn 0).
Viceversa, i trattamenti Zn 250 e 500 causano ithezione della capacita fotosintetica. |l
decremento della massima emissione di fluoresc@fima si riscontra alla concentrazione
Zn 250, in quanto a Zn 500 si manifestano danniegigsi e generalizzati, che causano in
breve tempo la morte delle piante.

L’analisi della fluorescenza fogliare in piante @ese a xenobionti puo rappresentare
un valido strumento per determinare e quantificgalero stato di stress, anche prima del
manifestarsi di sintomi visibili.
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Productivity & Photochemical Performance of Mass Mcroalgae Cultures in Outdoor
Units
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In outdoor inclined-surface cultivation systems forcraalgae, the suspension flows
over a cascade of sloping planes in a thin layeb (mm) exposed to solar irradiance
making it possible to reach high biomass densityp-to 45 g dry weight £ These units
are characterised by the high ratio of exposedasarfo-total volume of >100 h{(as
compared to open ponds ~10mand highly turbulent flow which enables high woletric
and areal productivity. The aim of this work wast¢ correlate photochemical activity and
productivity, and i{) to determine biomass density range for high-petidily photo-
optimised cultures. Dissolved oxygen concentratdh, biomass density, pigment content,
and productivity were measured in the cultures.o@hyll fluorescence was monitored
in-situ (using saturation-pulse method) to calculaté-f; andAF/F,’ (fluorometers PAM
101-103 and PAM-2000, H.Walz). Fast fluorescenckuation curves were measured in
microalgae cultures to record the transient phdeasted as O, J, | and P (Kautsky curves)
which reflect electron transport processes in thetgsynthetic membrane at molecular
level (fluorometer FI-2000 and AP100, P.S.I. BrrBhotochemical activities and growth
parameters were studied@hlorella sp.cultures of biomass density between 1 and 47 g L
! The Chlorella biomass grown in the thin-layertaxds contained relatively high content
of carotenoids up to 0.5% of total biomass; theamapmpounds being xanthophylls —
lutein (about 75%), violaxanthin (about 7%) and xatdhin (about 4%). Fluorescence
measurements showed that diluted cultures (1-2 glDy\experienced significant photo-
stress due to inhibition of electron transport e tPSIl complex. The presence of
zeaxanthin (a mean of energy dissipation in theadled xanthophyll cycle) and high
Car/Chl ratio indicated excess irradiance in somkures. The highest photochemical
activities were achieved in the cultures of 5-18lrg weight L*, which performed the
maximum daylight productivity up to 7 g biomas& m'. In these cultures, a midday-
depression of [, between 20-30% as compared with morning valuesyeal to be
compatible with well-performing cultures. The inased J peak of the fluorescence
induction curves irChlorella cultures indicated that electron transport is skindewn at
the acceptor side of the PSII complex (@ PQ pool). We concluded that:

*  Chlorophyll fluorescence monitoring is a suitalderlnique to monitor photochemical
performance of mass microalgae cultures — fastimeasive and easy to measure.

* In outdoor microalgae cultures, the cells are plamidimated to an averaged light
intensity which is related to ambient irradiancell adensity and culture layer
thickness. The turbulent flow is necessary to altapid light/dark cycles in hundreds
of microsecond to milliseconds to match the turmafethe photosynthetic apparatus.
The optimal combination of these factors is crufmalhigh productivity.

* A midday depression of the/FF, ratio of about 20-30 % does not cause a reduation
the productivity in well mixed microalgal cultureBhe lower or higher depression of
F./Fm indicated shade-adapted or photoinhibited cutiuespectively.
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Are ecophysiological and histochemical responses ¢a@one inFraxinus species
influenced by the provenance?

Cristina Nalf’, Elisa Pellegriri Stefano Santarelli Alessandra Francihi Giacomo
Lorenzint

! Department of Tree Science, Entomology and Plathdtagy “Giovanni Scaramuzzi” —
Via del Borghetto, 80 — 56124 Pisa, Italy
2CIRAA “Enrico Avanzi”, University of Pisa, 56122 15®iero a Grado (P!), ltaly

*corresponding author: cristina.nali@agr.unipi.it

It is well known that the responses of trees topalutants vary between and within
species under strong genetic control, but this phmamon can be also regulated by plant
provenance. Leaf symptoms attributed to ozong f@ve been detected in a growing list
of tree species such as ash, commonly plantedogmnuairea and also important forest trees
in Italy. Two-years old seedlings &faxinus ornusandF. excelsior represented both by
two provenances (Piedmont e Tuscany) were expas€gdfumigation (150 ppb for 8 h'd

! 35 d) and compared to controls maintained ierfitl air. Treate8f. excelsiordeveloped
chlorosis and adaxial necrosis on mature fully exieal leaves. This was true for both
provenances even if different photosynthetic efficiy was observed. ;Odirectly
influenced in some cases stomatal aperture, becstoseata are closed prematurely,
inducing a slow C@movement into the leaf; in other cases, stomdtaluce resulted as
disturbances in the photosynthetic apparatus. édrRont provenance, after only 7 days of
treatment, @induced a small decrease iyifs, ratio (-5.2% in comparison to controls), as
a consequence of a significantly increase in mihifhaorescence value (+15.3% in
comparison to controls). In Tuscany provenancer dft days of treatment, it is observed
a different physiological response of treated [@alite energy dissipation (photochemical
quenching -10.3% and non-photochemical quenchiag%, in comparison to controF.
ornus showed variations between the provenances: trees fruscany were generally
more tolerant to @in terms of injury than those from North Italy. 8 k/F, ratio did not
significantly change during the experiment, butyoafter 14 days of treatment with a
small reduction (-5.2 and -5.5% respectively indfient and Tuscany provenance, in
comparison to controls). Only after 21 days of tireent, Q induced an increase in non-
photochemical quenching values in Tuscany proven&hs.8% in comparison to control):
a higher portion of absorbed photons was lost a& mstead of being used to drive
photosynthesis. Histochemical markers such as laotescence, the presence of cell-wall
thickenings, the enlarged cell vacuole and thecslpnecrotic lesions of palisade tissue
were investigated in order to understand if sym@tanduced by @ allow differential
diagnosis of @ injury. Moreover the final purpose of this work svb analyze species-
specific and provenance-specific antioxidative ciégaand to compare the antioxidant
capacity of symptomatic (isible-injury) and asymptomatic ¢&ymptom free) leaves.
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Photosynthetic behaviourof Liriodendron tulipifera and Tilia americana exposed to
chronic ozone fumigation

Elisa Pellegrin, Alessandra FrancihiGiacomo Lorenzitj Cristina Nalft’

! Department of Tree Science, Entomology and Plathdbagy “Giovanni Scaramuzzi” —
Via del Borghetto, 80 — 56124 Pisa, Italy

2 CIRAA “Enrico Avanzi”, University of Pisa, 56122 SRiero a Grado (PI), Italy

*corresponding author:_cristina.nali@agr.unipi.it

The photosynthetic response to ozone;) (@as studied in seedlings of two
ornamental treed,iriodendron tulipiferaandTilia americana respectively considered;O
sensitive and @resistant, after exposure to the pollutant focdbsecutive days (120 ppb,
5 h db). The species showed a different phenomenolog&sponse: only. tulipifera
developed necrosis on fully expanded leaves, a¢rigeof the treatment.;@lecreased the
CO, assimilation rate at light saturation level (-33&)d the stomatal conductance (-6%)
from day 8 on. The reduction of photosynthetic ratas mainly due to a reduced
mesophyllic activity, as evidenced by the increasantercellular CQ concentration
(+8%). Only after 30 days of exposur& americanashowed a limitation of the
photosynthetic processes, not only due to stoncatalponents. Ih. tulipifera alterations
of chlorophyll fluorescence parameters, in paracuhe minimal fluorescence levelgfF
the maximal fluorescence level{Fand the variable and maximal fluorescence raiB,F
were observed from day 8 until the end of expodurg. americanainstead, @caused a
decrease of /A, only at the end of the treatment. These resuliicate the different
response of these species and a higheseDsitivity ofL. tulipifera, as evaluated by visual
symptoms and by a greater impairment of the photbgyic processes.
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Influenza dell’lammoniaca sull’emissione di fluoresenza clorofilliana nei licheni

Tommaso Pisar?, Luca Paolf?, Stergios Arg. Pirintso®, Kiriakos Kotzabasi&, Eleni
Navakoudi®, Stefano Loppf®

@) Dipartimento di Scienze Ambientali 'G. Sarfaiffa P.A. Mattioli 4, 53100 Siena, ltaly
@ University of Crete, Department of Biology, 71408r&klion, Crete, Greece

L’ammoniaca (NH) rappresenta la principale fonte di deposiziorotate intorno
agli allevamenti di bestiame e come gas puo aviettiesulla struttura e composizione
delle comunita vegetali. Anche le comunita lichéeiae risultano influenzate e possono
pertanto rappresentare dei buoni indicatori defleseguenze dell’esposizione all’ ik
fase gassosa. Alcuni effetti sono individuabili le@@recocemente a livello fisiologico. In
tal senso, e stato realizzato in Grecia un espetongi esposizione in campo della durata
di un mese di talli delle speckevernia prunastrie Pseudevernia furfurace@ue licheni
frequentemente utilizzati in studi di biomonitoragg a distanza crescente da un
allevamento di ovini selezionato allo scopo. Laatiga dall’allevamento coincide con un
decremento delle concentrazioni di NiH atmosfera registrate con campionatori passivi.
Infatti, presso la sorgente di emissione e staturato un livello di NHin atmosfera pari
a circa 60ug/m’, che scende a 1&/m°a 60-80 m dalla fonte. Le curve dell'emissione di
fluorescenza clorofilliana nei campioni esposticatate analizzate per valutare eventuali
effetti del’NH3; sul processo fotosintetico confrontando i dati cuelli dei campioni
prima del trapianto.

L’esposizione alla fonte di Nd-ha avuto conseguenze negative rilevabili in enbiam
i bioindicatori gia dopo 15 giorni di esposiziomefunzione della distanza e corrispondenti
a un drastico peggioramento della performance ifutietsca.

| talli lichenici trapiantati in corrispondenza Ballevamento hanno mostrato un
notevole decremento dei valori di efficienza fohdsiica, cosi come indicata dal rapporto
F/Fu, l'indicatore di risposta applicato piu comunengerit’analisi di alcuni parametri
derivati dal JIP-test ha evidenziato I'alteraziahaliversi target del processo fotosintetico
per I'esposizione all’Nkt nei campioni trapiantati alla distanza minorel’diévamento
risulta evidente una diminuzione dell'attivita diagporto degli elettroni e della sua
efficienza, la riduzione della densita dei centniehzione attivi e quindi un corrispondente
aumento della frazione di energia che essi devasworhire, nonché 'aumento della
frazione di energia dissipata rispetto a quellaodst®. Al termine dell’esposizione,
specialmente iR. furfuracea e stata rilevata una diminuzione superiore al d&Moindice
globale della performance fotosintetica rispettovadori misurati nei campioni prima del
trapianto. Non bisogna tralasciare il fatto cheambiente Mediterraneo, il clima ha un
ruolo notevole nel regolare la fotosintesi: netérpretazione dei dati bisogna tener conto
dell'influenza della disponibilita idrica sul metalsmo lichenico e pertanto del ruolo che
I'aridita estiva pud svolgere nel determinare glaiamenti del processo fotosintetico. E
importante in tal senso riuscire a delineare gétéfdovuti a un inquinante rispetto a quelli
determinati dalle condizioni climatiche o da alt@ratteristiche intrinseche dell’area di
studio.
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Populus maximowiczik P. x berolinensis a model tree to study ozone stress

Martina Pollastrint', Rosanna DesotgiuChiara Cascid, Filippo Bussotti, Giacomo
Gerosg, Riccardo Marzuofi Marcus Schaub Kris Novak, Reto J. Strasser

! University of Florence, Dept. of Plant Biology. Piale delle Cascine 28, 50144 Firenze,
Italy

2Dipartimento di Matematica e Fisica, Universita @gica del Sacro Cuore, Via Musei
41, 25121 Brescia, Italy

3Swiss Federal Institute for Forest, Snow and LaagedResearch WSL, CH-8903
Birmensdorf, Switzerland

“ Environmental Media Assessment Group, National €dot Environmental Assessment,
U.S. Environmental Protection Agency, Mail Drop B2, 109 TW Alexander Dr.,
Research Triangle Park, NC 27711 - USA

> University of Geneva, Bioenergetics Laboratory, T254 Jussy-Geneva, Switzerland

Populus maximowicziHenry x P. x berolinensis Dippel (short name: ‘Oxford
clone’) has been widely used in open-top chambee®ments in Southern Switzerland
(Lattecaldo) and Curno (Northern ltaly). This closealso used as a biomonitoring tree
species within the UNECE/ICP-Forests monitoringwaek. Results from the OTC
experiments have been published in several papegealing the characteristics of a fast
growing and highly ozone sensitive poplar clone.e Terformed studies aimed to
determine i) the levels and doses of tropospheric ozone thase the onset of foliar
symptoms, i{) to gain a better understanding of dynamics ofgym development within
the crown with emphasis on possible compensatiochamesms of photosynthesis across
the different parts of the crown.ii] to detect signals of pre-visual damage applying
morphological and physiological methods;) (fo detect possible changes in the carbon
isotopic composition of the wood biomass, aupt¢ assess the reduction of growth in
relation to the above described physiological aratpiological effects occurring under
natural field conditions and ambient ozone coneiuins.

The present paper compares the results of therdliffestudies in order to gain a
comprehensive understanding of the behaviour ofdbpective poplar clone. Most recent
findings suggest that this poplar clone may hawy geitable characteristics for a broad
leaf model tree for ozone risk assessment.

Economic or environmental aspects should also besidered, in particular in
respect to the extended poplar plantations managéae Po Valley (Northern ltaly) as
well as in respect to the important role poplar mky in the production of fuel biomass.
Unlike the findings from natural adult woodlanddits (where the ozone effect on growth
has been found to be minor or absent), poplanatitins seem to be at high ozone risk.
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AiIrFLEX airborne sensor: remote sensing to quantify photosynthetic efficiency by
measuring sun-induced fluorescence in the oxygen sdxption bands

Piero Toscano, Beniamino Gioli, Alessandro Zaledanco Miglietta
CNR Istituto di Biometeorologia (IBIMET)

Via Caproni, 8

50145 Firenze, ltaly

Questo lavoro si inserisce nel contesto dellaceeffettuata durante le campagne di
misura CEFLES2 (CarboEurope, FLEx and Sentineléyambito del progetto Carbo
Europe Regional Experiment Strategy e a suppoitprdgetto FLEX, candidato al Core
Earth Explorer Mission Ideas (ESA).

L’oggetto della ricerca riguarda I'impiego di teche innovative di telerilevamento
da piattaforma aerea volte all'osservazione detgsso fotosintetico attraverso la stima
della fluorescenza della clorofilla indotta dal esol(SIF) utilizzando un sensore
sperimentale AirFLEX installato su di un velivolapBr Seneca lll. La campagna di
acquisizione e stata organizzata in modo tale dgue#® 14 voli nella zona delle Lande
(Francia) in tre periodi diversi (Aprile, Giugnogtiembre 2007) e in finestre temporali tali
da coprire I'intera fase diurna. AirFLEX ha pernmess restituzione di un elevato numero
di prodotti includendo le radianze a 687 e 760 tanfluorescence fraction, il PRI
(Photochemical Reflectance Index) e I'indice NDYlofmalized Differential Reflectance
Index). Una camera nell’infrarosso termico (Flig) imoltre acquisito informazioni relative
alla temperatura superficiale sincronizzate allaoréscenza telerilevata. Un secondo
velivolo SkyArrow ERA e stato impiegato per la mswlel vento e della turbolenza, flussi
di CO,, radiazione netta, incidente e riflessa.

Le misure radiometriche e i flussi di @@cquisiti hanno permesso di approcciare
un’analisi al fine di valutare le potenzialita diantificare I'efficienza fotosintetica e |l
GPP (Gross Primary Production) da misure passifleatiescenza.
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Valutazione dello stress post-produzione delle piae fiorite in vaso attraverso la
misura della fluorescenza della clorofilla a

P. Verniert, A. Trivellini*, E. Borghesi A. Ferrantg G. Serra

! Dip. Biologia delle Piante Agrarie, Universita didR, Iltaly
%Dip. Produzione Vegetale, Universita di Milano,lyta
3Scuola Superiore Sant'/Anna, Pisa, Italy

Le piante fiorite in vaso durante la fase di pastdpizione trascorrono spesso diversi
giorni in ambienti con scarsa illuminazione e terapgra spesso non ottimale. La
mancanza di un periodo adeguato di acclimataziameporta una rapida perdita delle
caratteristiche ornamentali e commerciali. Questoio si propone di individuare un
sistema per il monitoraggio della qualita di alcuspmecie ornamentali da vaso fiorito
spesso destinate all’esportazione durante il peraidpost-produzione come buganvilla,
lantana e ibisco. Le piante sono state conservdtgi@aa 14 °C, per simulare il trasporto e
successivamente sono state trasferite per tre igiorcamera di crescita a 20 °C per
valutare il recupero dallo stress prima della vendi

La fluorescenza della clorofillaa € stata misurata alliinizio, al termine della
conservazione e durante il periodo di recupero.t€oporaneamente sono stati misurati i
livelli endogeni di acido abscissico e la produrati etilene dai fiori e delle foglie.
Inoltre, é stata valutata la correlazione traellidei due ormoni e i valori di fluorescenza.

La fluorescenza della clorofilla a si € rilevatahuwron marcatore dello stato di stress
e della qualita postproduzione delle piante orndalkiiorite in vaso.

* * %

Evaluation of post-production stress in floweringotied plants by chlorophyll a
fluorescence

Flowering potted plants during the post-productistage are usually stored in
environments with low light intensity and temperatoften inadequate. The lack of an
acclimatization period may affect the ornamentad aommercial quality.

The aim of this work was the identification of ateyn for monitoring the quality of
several ornamental species destined to export saghBougainvillea, Lantana and
Hibiscus. Plants were stored in dark at 14 °C fonating the transport conditions and
subsequently were transferred for three days iwgjiochambers at 20 °C for evaluating
the recovery before selling.

Chlorophyll a fluorescence was measured in all daat beginning, at the end of
storage and during the recovery period. Contempprathylene production and abscisic
acid were determined in leaves and flowers. Coti@aanalysis between plant hormone
levels and fluorescence values were calculated.chih@ophyll a fluorescence resulted a
good stress marker and a sound tool for evaluatbognmercial quality of lowering
ornamental potted plants.
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Annual course of the maximum PSII efficiency Fv/Fnof Mediterranean Quercus
species of a model plantation in central Europe

Daniel Weber

Biodiversitat und Klima Forschungszentrum

c/o Institut fur Okologie, Evolution und Diversitat
Siesmayerstr. 70-72, Haus B

60323 Frankfurt am Main

GERMANY

According to climate change scenarios the centumbjgean climate will change to
dryer and hotter conditions within the next 100rge#@n today already dry stands, the
predominant beechFagus sylvaticawill be replaced in the long run by more drought
tolerant tree specieQuercusspecies will probably be more abundant on thesksies.
Even the Central European oak species (kesrcus roburcould have problems to rise
under such severe climate conditions.

Therefore different oak species from the Meditezean as well as the central
EuropeanQuercus roburare planted already today in a model plantationeurantral
European climate conditions in Frankfurt am Maier@any. Two different water regimes
are tested, one control with the normal preciptatand one simulating the severe water
conditions in central Europe of the year 2003. Bathbplots are exposed to the
temperatures (also hard winter conditions) of taad in Frankfurt am Main.

Chlorophyll fluorescence parameters were used $b tiee ability of different
Quercusspecies to grow under central European climatalitons of today as well as
with different water regimes.

Our measurements showed that Mediterranean oakespldce Quercus ilexcan
grow in Central Europe, even with the still coldaad freezing winter conditions in
Germany of today.
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